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(57) ABSTRACT 

System and equipment protection is provided for an elec 
trical poWer distribution system via one or more protection 
arrangements for detecting and responding to faults in 
electrical poWer distribution systems. The one or more 

protection arrangements detect Whether faults are external or 
internal to a distribution equipment con?guration in a poWer 
system via directional sensing. The protection arrangements 
also detect and respond to faults in a poWer distribution 
system utilizing various combinations of primary and back 
up protection arrangements that are operational simulta 
neously and in both closed-loop and open-loop con?gura 
tions. 
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METHODS AND ARRANGEMENTS TO DETECT 
AND RESPOND TO FAULTS IN ELECTRICAL 
POWER DISTRIBUTION EQUIPMENT AND 

SYSTEMS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/215,641 ?led on Jun. 30, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to methods 
and arrangements for detecting and responding to faults in 
electrical poWer systems and more particularly to methods 
and arrangements that utiliZe directional sensing to deter 
mine Whether or not a fault is internal or external to a 
particular circuit point. 

[0004] 2. Description of Related Art 

[0005] Various methods and arrangements have been pro 
posed and/or used to detect and respond to fault conditions 
in electrical poWer systems. For example, various instanta 
neous and time-current protective devices sense and respond 
to fault conditions either by directly interrupting the fault or 
by both interrupting and isolating the fault condition via 
communication/cooperation With one or more other devices. 
For example, see the following US. Pat. Nos. for examples 
of these types of systems: 6,018,449; 5,784,237; 5,303,112; 
5,701,226; 5,341,268; 5,793,750. A speci?c type of fault 
detection is a bus differential protection arrangement that 
operates by summing individual phase currents and detect 
ing a fault based on the algebraic sum exceeding a given 
threshold. 

[0006] While the arrangements of the prior art may be 
useful and generally satisfactory for their intended purposes, 
they are not alWays capable of detecting and responding to 
fault conditions due to problems With communications or 
other misoperations. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, it is a principal object of the present 
invention to provide arrangements and methods for detect 
ing and responding to faults in electrical poWer systems to 
isolate the faults and provide continued desirable fault 
protection for the recon?gured system. 

[0008] It is another object of the present invention to 
provide a method and arrangement to detect Whether faults 
are external or internal to a distribution equipment con?gu 
ration in a poWer system via directional sensing. 

[0009] It is still another object of the present invention to 
provide a method and arrangement to detect and respond to 
faults in a poWer distribution system utiliZing various com 
binations of primary and back-up protection arrangements 
that are operational simultaneously and in both closed-loop 
and open-loop con?gurations. 

[0010] These and other objects of the present invention are 
ef?ciently achieved by arrangements and methods for 
detecting and responding to faults in electrical poWer dis 
tribution systems. The present invention provides methods 
and arrangements to detect Whether faults are external or 
internal to a distribution equipment con?guration in a poWer 
system via directional sensing. The present invention also 
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detects and responds to faults in a poWer distribution system 
utiliZing various combinations of primary and back-up pro 
tection arrangements that are operational simultaneously 
and in both closed-loop and open-loop con?gurations. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] The invention, both as to its organiZation and 
method of operation, together With further objects and 
advantages thereof, Will best be understood by reference to 
the speci?cation taken in conjunction With the accompany 
ing draWing in Which: 

[0012] FIGS. 1A and 1B, When combined to form FIG. 1, 
depict a one-line block diagram, schematic and diagram 
matic representation of a poWer distribution system utiliZing 
the methods and arrangements of the present inventions to 
illustrate methods and arrangements of the present inven 
tion; FIGS. 2-4 are simpli?ed diagrammatic representations 
of a portion of the poWer system of FIG. 1 illustrating 
various conditions to illustrate a ?rst fault protection 
arrangement of the present invention to detect faults; 

[0013] FIGS. 5-7 are simpli?ed diagrammatic representa 
tions of a portion of the poWer system of FIG. 1 illustrating 
various conditions to illustrate a second fault protection 
arrangement of the present invention to detect faults; 

[0014] FIG. 8 is a diagrammatic representation of sWitch 
gear of the poWer system of FIG. 1 useful to illustrate a third 
fault protection arrangement of the present invention to 
detect faults internal to the sWitchgear; 

[0015] FIG. 9 is a relay logic representation useful to 
illustrate operation of the sWitchgear of FIG. 8 and the third 
fault protection arrangement of the present invention; 

[0016] FIG. 10 is a simpli?ed diagrammatic representa 
tion of a portion of the poWer system of FIG. 1 illustrating 
various conditions to illustrate a fourth protection arrange 
ment of the present invention; 

[0017] FIG. 11 is a are simpli?ed diagrammatic represen 
tation of a portion of the poWer system of FIG. 1 illustrating 
various conditions to illustrate a ?fth fault protection 
arrangement of the present invention; 

[0018] FIG. 12 is a relay logic representation to imple 
ment the ?rst through ?fth protection arrangements of the 
present invention for the system of FIG. 1; and 

[0019] FIG. 13 is a simpli?ed representation of portions 
of the poWer system of FIG. 1 to simplify the understanding 
of the relay logic representation of FIG. 12. 

DETAILED DESCRIPTION 

[0020] Referring noW to FIG. 1, various aspects and 
embodiments of the fault detection and protection methods 
and arrangements of the present invention Will be described 
in conjunction With the illustrative electrical poWer system 
10. The illustrative electrical system 10 is of the type that 
distributes or routes electrical energy via electrical lines or 
cables 12a, 12b to de?ne a feeder 12, eg in the form of a 
loop or path including tWo or more sectionaliZing circuit 
points 14, eg 14a, 14b, distributed along the path so as to 
de?ne individual spans, e.g. 18a, 18b. It should also be 
understood that the system 10 can function With tWo or more 
normally closed loops or feeder circuits, eg a second loop 
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16 With the tWo loops 12, 16 being selectively connected at 
17 via automatic source transfer equipment in the event of 
a loss of voltage so as to feed loop 16 from loop 12. While 
the system 10 is illustrated in FIG. 1 as a so-called “one 
line” representation, it should be understood that in accor 
dance With common practice, this represents a multi-phase 
system, eg having three individual phases and a grounded 
neutral. Thus, in the folloWing discussion of various pro 
tection arrangements, the detection is for each phase of the 
system and neutral. Accordingly, each protection arrange 
ment responds to detect a fault on the basis of detection for 
one phase or neutral. 

[0021] PoWer users of the system 10 are connected 
through the protection arrangements at the sectionaliZing 
points, eg 14a, 14b. In this Way, the system 10 responds to 
any electrical fault condition by isolating or sectionaliZing 
the faulted point and recon?guring to service the electrical 
users and their loads until such time that the system can be 
restored and returned to normal after alleviating the faulted 
condition, e. g. via disconnection, repair or removal of equip 
ment or cable. 

[0022] The illustrative electrical system 10 normally oper 
ates With the loop 12 being closed such that all the section 
aliZing points are closed via sWitches and/or other circuit 
interrupting devices. The sectionaliZing points 14 each 
include sWitchgear 20 incorporating various con?gurations 
of sWitches, circuit interrupters, relays and associated sens 
ing, control and communication arrangements. An associ 
ated communication channel or facility is indicated at 50, 
eg communicating via ?ber optics utiliZing multiplexed 
signals in a speci?c embodiment. Of course, it should be 
understood that in other speci?c embodiments, pilot Wire 
arrangements or radio communication are utiliZed for the 
communication of signals at 50. In a speci?c embodiment, 
the sWitchgear 20 is Vista® Underground Distribution 
SWitchgear available from the S&C Electric Company, 
Chicago, Ill. 

[0023] Considering an illustrative eXample of the sWitch 
gear 20, tWo relays 22, 24 are arranged to sense current in 
respective de?ned feeder Ways 27, 29 in the line 12a and 
Within the sWitchgear 20 via respective current sensing 
arrangements 23 and to control respective fault interrupters 
26, 28 connected in the line 12a. In a preferred embodiment, 
the relays 22, 24 also include hard-Wired interconnections at 
25 for the communication of control signals therebetWeen. 
In a speci?c implementation, the relays 22, 24 are SEL-351 
relays available from SchWeitZer Engineering Laboratories, 
Pullman, Wash. The published SEL-351 Instruction Manual 
describes the various protective settings, functions and pro 
gramming along With communication functions, techniques 
and programming. US. Pat. No. 5,793,750 also discloses 
communication aspects of this relay. Load-interrupter 
sWitches 30, 32 are also connected in the line 12a to provide 
suitable circuit control functions. The illustrative sWitchgear 
20 also includes tWo branch-line Ways 36, 38 connected 
from an internal bus 34 of the line 12a Within the sWitchgear 
20, eg housed Within an enclosure indicated at 21. The 
sWitchgear 20 may also be characteriZed as a distribution 
equipment con?guration. 

[0024] Each of the branch-line Ways 36, 38 includes a 
respective interrupter 41, 43 controlled by a respective 
overcurrent control 40, 42, eg a relay that senses current in 
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the branch line and responds to overcurrents in either 
direction according to a predetermined TCC curve such that 
the overcurrent control provides the function of a resettable 
fuse. Each of the branch-line Ways 36, 38 also includes a 
respective series-connected load-interrupter sWitch 37, 39. 
Another illustrative con?guration of sWitchgear 70 is useful 
in the system 10 for providing connections to other loops of 
the system 10, eg similar to loop 16. The illustrative 
sWitchgear 70 includes a con?guration of three 600 ampere 
feeder Ways 64, 66 and 68 equipped With respective relays 
72, 74 and 76 that sense current in each respective Way and 
control respective fault interrupters 73, 75 and 77 connected 
in each respective Way. Each of the feeder Ways also 
includes a respective load-interrupter sWitch 79, 81, and 83 
connected in series With each respective fault interrupter 73, 
75 and 77. The sWitchgear 70 also includes one 200 ampere 
branch-line Way 85 including an interrupter overcurrent 
control 87 similar to the overcurrent controls 40, 42 that 
controls an interrupter 89 connected in the Way 85 along 
With the series connection of a load-interrupter sWitch 91. 
The fault interrupter 83 is normally open such that the loop 
12 is normally closed and connected back to the source via 
line 12b through the sWitchgear 70c. 

[0025] The system 10 in various embodiments includes 
one or more overall protection schemes knoWn in the prior 
art of transmission and distribution protective schemes to 
detect and respond to faults or other disturbances for each 
individual phase and neutral. For eXample, in a preferred 
embodiment, the feeder 12 provides a ?rst protection 
arrangement referred to as Permissive Overreaching Trans 
fer Trip (POTT) in transmission relaying concepts. This ?rst 
POTT protection arrangement responds to faults Within 
predetermined de?ned Zones and conversely does not 
respond to faults, Which are not Within the de?ned Zones, the 
arrangement Within each Zone responding to the individual 
fault to appropriately isolate and sectionaliZe the fault. This 
is accomplished by requiring forWard fault current from both 
directions such that this ?rst protection arrangement is 
functional only in a closed loop system con?guration. For 
eXample, and referring noW to FIGS. 2-4, a simpli?ed 
eXample is illustrated describing a protected Zone betWeen 
relays 1 and 2 in FIG. 2, With FIG. 3 illustrating a fault 
Within the Zone and FIG. 4 illustrating a fault outside the 
Zone. F1 and F2 represent the forWard sensing fault current 
functions. For a speci?c eXample in the system 10 of FIG. 
1, consider that a fault is established at a point 60 along the 
line section 18a betWeen the circuit points 14a and 14b. The 
?rst POTT protection arrangement utiliZes the relays 24 and 
22a to de?ne a Zone of protection for the line section 18a. 
The relay 24 sees a forWard fault current and the second 
partner relay 22a also sees a forWard fault current in the 
normal closed-loop con?guration. Accordingly, the partner 
relay 22a via communication channel 50a grants permission 
to trip to the relay 24. In response, the relay 24 trips the fault 
interrupter 28 (eg a three-phase device) and also transmits 
via communications channel 50a a direct transfer trip (DTT) 
control to the partner relay 22a. NoW the partner relay 22a 
trips the fault interrupter 26a such that the fault is isolated. 
After the system 10 has responded to isolate the fault, the 
loop 12 is noW in an open loop condition or con?guration. 

[0026] In order to provide additional protection, in a 
preferred embodiment, a second protection arrangement is 
provided referred to as Directional Comparison Blocking 
(DCB) in transmission relaying concepts. This second DCB 
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protection arrangement detects faults in the recon?gured 
open loop con?guration of the loop 12. Additionally, this 
second DCB protection arrangement is alWays operational 
so as to function as a “backup” or secondary type of 
protection to the ?rst POTT protection arrangement in the 
normal closed loop con?guration. For example, back up 
protection is desirable due to problems With the operation of 
the ?rst POTT protection arrangement as might occur due to 
communication or equipment problems that renders the ?rst 
POTT protection arrangement non-functional. This second 
DCB protection arrangement also functions on a de?ned 
Zone basis and is operative to detect faults that are fed from 
one side only, eg operative under open-loop conditions. For 
eXample, and referring noW to FIGS. 5-7, a simpli?ed 
example is illustrated describing a protected Zone betWeen 
relays 1 and 2 in FIG. 5, With FIG. 6 illustrating a fault 
Within the Zone and FIG. 7 illustrating a fault outside the 
Zone. F1 and F2 represent the forWard sensing fault current 
functions of the respective relays 1 and 2 While R1 and R2 
represent the reverse sensing fault current functions. For a 
more speci?c eXample in the system 10 of FIG. 1, for a Zone 
of protection provided by the second DCB protection 
arrangement for the line section 18a via the relays 24 and 
22a. NoW assuming a fault at 61 in the line section 18b, the 
?rst relay 24 sees a forWard fault and the second relay 22a 
generates a restraint or blocking signal to the relay 24 since 
it detects a fault outside the Zone of protection of line section 
18a, ie a reverse fault is detected by the relay 22a as current 
?oWing to a point (eg 61) in a Zone (e.g. line section 18b) 
outside the de?ned Zone of protection, line section 18a. 
Thus, there is no response by the relays 24 and 22a under the 
second DCB protection arrangement. The response for the 
relays 24 and 22a to generate the blocking signal is set to be 
faster (to operate at a loWer fault current) than the forWard 
fault operating response, thus assuring that the blocking 
signal is alWays received in a timely manner for appropriate 
operation. Conversely, assuming a fault at the point 60 
Within the de?ned Zone of protection of the line section 18a, 
the relay 24 again sees a forWard fault. HoWever, for a fault 
at the point 60 Within the de?ned Zone of protection, the 
relay 22a does not generate a blocking signal since it does 
not see a reverse fault and the relay 24 trips the fault 
interrupter 28. The relay 24 that detects the forWard fault 
current and trips the fault interrupter 28 also sends a trip 
signal to the partner relay 22a Which in turn trips its 
respective controlled fault interrupter 26a. Of course, this 
second DCB protection arrangement also depends on the 
functioning of the relays and the communication therebe 
tWeen to operate. Additionally, this second DCB protection 
arrangement operates more sloWly than the ?rst POTT 
protection arrangement such that under closed-loop condi 
tions, the ?rst POTT protection arrangement operates ?rst. 
Thus no changes to the relay settings in the loop 12 are 
required for operation in the recon?gured open-loop con 
?guration. 

[0027] In accordance With additional aspects of the present 
invention, in a preferred embodiment, the system 10 also 
includes a third protection arrangement utiliZing directional 
sensing to detect and isolate bus faults Within the illustrative 
sWitchgear 20 and 70, ie faults internal to the equipment 
including bus fault protection, components internal to the 
sWitchgear 20 or 70, elboW connections to feeders, elboWs 
and bushings. This third protection arrangement is capable 
of detecting faults and responding thereto Where there may 
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be only one source of current at the time of the fault. In the 
system 10, this third protection arrangement is provided as 
a “backup” form of protection for the branch line protection 
provided via the ?rst POTT and the second DCB protection 
arrangements. In the system 10 as discussed Where the 
sWitchgear 20, 70 includes overcurrent control on the 
branch-line Ways, in a preferred embodiment, coordination 
is also provided With the inverse characteristics of the 
overcurrent control, eg 40, such that the overcurrent control 
40 is set to operate before the third bus fault protection 
arrangement. Assuming an internal fault occurs at 62 on the 
internal bus 34a of the sWitchgear 20a, this third bus fault 
protection arrangement detects the fault condition by the 
relay 22a detecting a reverse fault current ?oW (i.e. into the 
sWitchgear 20a on bus 34a) and the relay 24a not sensing a 
forWard current ?oW out of the sWitchgear 20a. The relays 
22a, 24a communicate and provide control signals via the 
interconnection arrangement 25a. Thus, if this condition is 
detected, the relay 22a trips its respective controlled fault 
interrupter 26a and also sends a control signal to the relay 
24a via the interconnection at 25a Which responds to trip its 
respective controlled fault interrupter 28a. Additionally, the 
partner relays 24 and 72 for each of the relays 22a, 24a are 
sent direct transfer trip signals via the communications 
channel 50 to trip their respective controlled fault interrupt 
ers 28 and 73. Conversely, if the relay 22a detects a reverse 
fault current ?oW When the relay 24a detects a forWard fault 
current ?oW, the relay 22a does not trip and there is no 
response via the third fault protection arrangement since the 
fault is not Within the detection Zone for the internal faults. 
This can be represented in terms of relay function as the 
“ANDING” or series combination of function 67R for the 
relay 22a and function NOT67F for the relay 24a, Where 
67R is a reverse directional sensing inverse time delay 
function and 67F is a forWard directional sensing inverse 
time delay function, the “NOT” indicating the inverse or 
“NOT” logic function. It should be remembered that the 
system 10 of FIG. 1 is illustrated by a one-line diagram. 
Thus, it should be understood that the third protection 
arrangement utiliZes detection arrangements for each relay 
for each phase of the system and ground. While the detection 
of faults is described via current sensing, it should be noted 
that in other speci?c embodiments, the relays, e.g. 22a, 24a 
are arranged to sense impedance or other parameters indica 
tive of faults. 

[0028] In accordance With important aspects of the present 
invention, While the system 10 is useful to describe hoW this 
third protection arrangement can be incorporated Within a 
poWer system and other fault protection arrangements, it 
should be realiZed that in an alternate embodiment this third 
fault protection arrangement is provided for the sWitchgear 
20 independent of other system protection, ie as a stand 
alone fault detection system for internal faults of the sWitch 
gear 20 Without regard to other protection arrangements or 
coordinating With any settings thereof. In such an alternate 
embodiment, relay function operation can be set as instan 
taneous With no intentional delay after a fault is detected 
Without any coordination With the other fault detection 
arrangements or elements. Referring noW additionally to 
FIGS. 8 and 9, FIG. 8 illustrates a simpli?ed representation 
of the sWitchgear 20 With relays W, X Y and Z, and 
respective fault interrupters FI-W, FI-X, FI-Y, and FI-Z. In 
FIG. 9, relay contact logic diagrams illustrate the functions 
performed by this alternate form of the third protection 
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arrangement With the various 67F, 67R relay functions 
representing respective forward and reverse directional 
sensing With instantaneous characteristics, the symbol of the 
line across the series contact representation denoting a 
“NOT” or inverse logic function. In this arrangement, all 
four relays in the sWitchgear 20 are utiliZed to de?ne the 
presence of an internal fault, i.e. detection of a reverse fault 
current by one of the four relays and the absence of detection 
by any of the other three relays of a forWard fault current. 

[0029] Considering noW another alternate embodiment of 
the third protection arrangement that operates similarly to 
that of the ?rst embodiment and alternate embodiment of the 
third protection arrangement as discussed hereinabove, as 
shoWn in FIG. 8, the current sensing signals lW, lx, ly, and 
lZ of the current sensing arrangements 23 associated With 
each of the relays W, X Y and Z respectively, are commu 
nicated to a central unit 100. The central unit 100 performs 
the directional fault current determinations as described 
hereinbefore to determine if a detected fault is either internal 
or external to the sWitchgear 20. If an internal fault is 
detected, the central unit 100 communicates With the relays 
X and Y via the communications channel 50 to initiate 
tripping of their respective fault interrupters FI-X and FI-Y. 

[0030] As an additional form of back-up protection to the 
previously discussed ?rst, second and/or third protection 
arrangements, i.e. a fourth protection arrangement of the 
present invention is provided that utiliZes directional sensing 
and overreaching concepts. Referring noW additionally to 
FIG. 10 and a simpli?ed system diagram, this fourth pro 
tection arrangement utiliZes non-adj acent, overreaching 
relay pairs/partners e.g. relays 2 and 5 as illustrated in the 
simpli?ed system diagram, to determine Whether or not a 
fault exists therebetWeen, eg a fault betWeen the relays 3 
and 4. Assume that no other fault protection arrangement has 
responded to clear the fault betWeen the relays 3 and 4, i.e. 
either the ?rst or second fault protection arrangements or the 
third fault protection arrangement for internal faults betWeen 
the relays 3 and 4. The relays 2 and 5 each detect a forWard 
fault and communicate With each other establishing that a 
fault exists Within this Zone that has not been cleared such 
that relays 2 and 5 each operate to trip their respective fault 
interrupters. Further, relay 2 sends a trip signal to relay 3 and 
relay 5 sends a trip signal to relay 4. The arrangement can 
also be con?gured to trip When one relay sees the forWard 
fault and the partner relay does not see a reverse fault. While 
this fourth protection arrangement or method does not result 
in the minimum isolated section of the system if another of 
the prior discussed protection arrangements is operative, it is 
useful if no other protection arrangement clears the fault. 
Additionally, this fourth protection arrangement is operative 
to respond to faults that are fed from only one source, i.e. 
operative in both open-loop and closed-loop con?gurations. 

[0031] Considering noW a more speci?c example of this 
fourth protection arrangement and referring noW again to 
FIG. 1, assuming that a fault occurs either at 60 in the line 
section 18a or at 62 on the internal bus 34a, and assuming 
further that no other protection arrangement of the system 10 
operates to clear the fault, eg via operation of relays 24, 
22a, 24a, 72 or 22a, 24a in accordance With the foregoing 
discussion of the ?rst, second and third protection arrange 
ments, via the fourth protection arrangement, each of the 
relays 24, 72 sends signals over the communications channel 
50 indicating that a forWard fault current has been detected. 
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Thus, each of the relays 24 and 72 trips their respective 
controlled fault interrupter 28, 73 based on each of the relays 
24, 72 sensing a forWard fault condition and also receiving 
a “permission” signal from its respective overreaching part 
ner relay, i.e. the forWard fault signal from the partner. In 
accordance With additional aspects of the present invention, 
the fourth protection arrangement in a speci?c embodiment 
is also operative to detect faults based on one of the relays 
24, 72 detecting a forWard fault current and no reverse fault 
current being sensed by its respective partner relay 72, 24. 
In addition to the relays 24, 72 tripping their respective 
controlled fault interrupters 28, 73, each of the relays 24, 72 
also communicates over the communications channel 50 via 
a direct transfer trip relay mode (DTT) to the relays 22a, 24a 
respectively to trip their respective controlled fault inter 
rupters 26a, 28a. 

[0032] Considering noW additional aspects of the present 
invention, in a speci?c embodiment, another form of back 
up protection is provided for the system 10 as a ?fth 
protection arrangement. Speci?cally, this ?fth protection 
arrangement functions according to an overreaching POTT/ 
DCB concept or relaying scheme. For example, and refer 
ring noW additionally to FIG. 11, a simpli?ed example is 
illustrated describing tWo overlapping backup Zones of 
protection, a ?rst Zone provided betWeen relays 2 and 5 and 
a second Zone provided betWeen relays 4 and 7. This form 
of protection functions similarly to the primary POTT/DCB 
combination of protection arrangements except that it 
includes additional time delays so as to coordinate With the 
primary POTT/DCB protection response and the branch line 
protection. Assume a fault occurs as indicated in FIG. 11 
betWeen relays 4 and 5 and that no other fault protection 
arrangement clears the fault including the primary protection 
of the ?rst POTT or the second DCB fault protection 
arrangements. The relays 2 and 5 and/or the relays 4 and 7 
determine that a fault exists betWeen them. This is accom 
plished either by each of the relays in each pair sensing a 
forWard fault (POTT closed loop) or by one of the relays in 
each pair detecting a forWard fault and the respective partner 
relay not sending a blocking signal (DCB), i.e. the partner 
does not sense a reverse fault and does not send a blocking 
signal. 

[0033] For a more speci?c example and referring again 
noW to the system 10 of FIG. 1, the ?fth protection 
arrangement de?nes a ?rst Zone betWeen relays 24 and 72, 
and a second Zone betWeen relays 24a and 74c (sWitchgear 
70c). Assuming a fault at the point 61 and assuming no other 
protection arrangement responds to isolate this fault, the 
relays 24, 72 or 24a, 74c determine that a fault exists 
betWeen them (Within the respective de?ned Zone) and trip 
the appropriate respective controlled fault interrupters to 
isolate the fault. The detection of the fault Within the Zone is 
arranged to be satis?ed either by both relays sensing a 
forWard fault (POTT closed loop) or by one of the relays 
detecting a forWard fault and the partner relay not sending a 
blocking signal (DCB), i.e. the partner does not sense a 
reverse fault and does not send a blocking signal. In an 
illustrative example, With a fault at the point 61 and With 
relays 24 and 72 sensing the fault, signals are sent to the 
partner relays, i.e. relay 24 sends a DTT trip signal to the 
relay 22a and the relay 72 sends a DTT trip signal to the 
relay 24a. 
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[0034] With reference noW to FIG. 12 and 13, FIG. 12 
illustrates an example of the overall relay logic for tWo 
relays referred to as relay numbers R12 and R14 in the 
simpli?ed system diagram of FIG. 13 to implement the 
system 10 With the ?rst through ?fth fault protection 
arrangements as described hereinabove. The “relay#xX” 
designations in FIG. 12 correspond to the relays of FIG. 13 
Wherein they are denoted as “RXX”. The contact designations 
and elements listed in FIG. 12 correspond to those of the 
SEL-351 relay discussed hereinbefore. 

[0035] While there have been illustrated and described 
various embodiments of the present invention, it Will be 
apparent that various changes and modi?cations Will occur 
to those skilled in the art. Accordingly, it is intended in the 
appended claims to cover all such changes and modi?cations 
that fall Within the true spirit and scope of the present 
invention. 

1. A method for detecting faults internal to a distribution 
equipment con?guration connected in an electrical poWer 
system comprising sensing a fault current entering the 
distribution equipment con?guration and not sensing the 
fault current leaving the distribution equipment con?gura 
tion, the distribution equipment con?guration including at 
least tWo feeder relays, an internal fault being detected based 
on a ?rst of the feeder relays detecting a reverse fault current 
How and none of the other feeder relays detecting forWard 
fault current ?oW. 

2. The method of claim 1 Wherein the distribution equip 
ment con?guration further includes an interrupter in series 
With a ?rst of the feeder relays, the interrupter including 
predetermined inverse time-current characteristics, the ?rst 
feeder relay including operating characteristics that coordi 
nate With the interrupter such that the interrupter is set to 
operate in response to sensed fault current before the feeder 
relay. 

3. Distribution sWitchgear including tWo or more feeder 
relays and means for sensing a reverse fault current into the 
distribution sWitchgear and not sensing a forWard fault 
current by any of the other feeder relays. 

4. In an electrical poWer distribution system having a 
plurality of distribution equipment con?gurations connected 
at various points of the electrical poWer distribution system 
and one or more system protection arrangements to detect 
faults Within the system, a method for detecting and 
responding to faults internal to the plurality of distribution 
equipment con?gurations as a form of back-up protection to 
the one or more system protection arrangements, the method 
comprising sensing a fault current entering a distribution 
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equipment con?guration and not sensing the fault current 
leaving the distribution equipment con?guration. 

5. The method of claim 4 Wherein a ?rst of the system 
protection arrangements is arranged to detect faults betWeen 
adjacent ones of the distribution equipment con?gurations. 

6. The method of claim 4 Wherein the method further 
comprises sensing fault current at non-adj acent distribution 
equipment con?gurations to detect a fault internal to the 
distribution equipment con?guration intermediate the non 
adjacent distribution equipment con?gurations. 

7. The method of claim 4 Wherein the distribution equip 
ment con?guration includes at least tWo feeder relays, an 
internal fault being detected based on a ?rst of the feeder 
relays detecting a reverse fault current How and none of the 
other feeder relays detecting forWard fault current ?oW. 

8. The method of claim 7 Wherein the system includes ?rst 
communication facilities for communication betWeen the 
feeder relays of the distribution equipment con?guration. 

9. The method of claim 8 Wherein the method further 
comprises sensing fault current at non-adj acent distribution 
equipment con?gurations to detect a fault internal to the 
distribution equipment con?guration intermediate the non 
adjacent distribution equipment con?gurations. 

10. The method of claim 9 Wherein the system further 
includes second communication facilities for communicat 
ing betWeen the non-adjacent distribution equipment con 
?gurations. 

11. The method of claim 10 Wherein a ?rst of the system 
protection arrangements is arranged to detect faults betWeen 
adjacent ones of the distribution equipment con?gurations. 

12. The method of claim 11 Wherein the ?rst of the system 
protection arrangements utiliZes the second communication 
facilities for communicating betWeen adjacent ones of the 
distribution equipment con?gurations. 

13. The method of claim 4 Wherein each of the distribu 
tion equipment con?gurations includes fault interrupters, the 
method further comprising operating the fault interrupters 
for a distribution equipment con?guration When a fault 
internal to the distribution equipment con?guration is 
detected. 

14. The method of claim 13 Wherein the system includes 
communication facilities for communicating betWeen the 
adjacent distribution equipment con?gurations, the method 
further comprising operating the fault interrupters for the 
adjacent distribution equipment con?guration via the com 
munication facilities. 


